The secretory system plays several critical roles in the cells of all eukaryotes. Most obviously, it directs secretory proteins to their appropriate cellular locations, including lytic compartments, the plasma membrane, and the extracellular matrix/cell wall. However, specific compartments within the secretory system also provide important interna1 calcium reservoirs and play major roles in the biosynthesis of phospholipids and triglycerides.
In addition to performing these ubiquitous functions, the plant secretory system also generates protein storage bodies. These organelles are formed during seed development in cotyledons and endosperm tissue, and hydrolysis of the stored proteins nourishes germinating seedlings (Shewry et al. 1995; Okita and Rogers, 1996) . Efficient packaging of storage proteins requires their correct folding and assembly; defects in these processes can adversely affect the structure and viability of seeds. Thus, understanding how misfolded or misassembled proteins are prevented from accumulating in protein storage bodies will contribute significantly to efforts aimed at improving the nutritional value of seeds and at utilizing plants for the production of recombinant proteins (da Silva Conceição and Raikhel, 1996).
Proteins enter the endoplasmic reticulum (ER) cotranslationally when signal recognition particles attached to nascent secretory peptides interact with the ER membrane at sites termed translocons (Andrews and Johnson, 1996) . As they pass through the translocons, secretory proteins interact with a number of ER resident protein chaperones and enzymes. Binding of chaperones to the emerging secretory proteins prevents permanent misfolding and the aggregation of structural intermediates, thereby increasing the efficiency with which secretory proteins attain their tertiary and quaternary structures.
In yeast and mammals, folding and oligomerization of secretory proteins are linked mechanistically to transport competency; misfolded and assemblydefective secretory proteins are not able to continue their passage through the secretory system and are instead targeted for degradation before they reach their usual cellular destination. The process through which defective secretory proteins are retained and subsequently degraded is termed ER quality control (for reviews, see Hammond and Helenius, 1995, and Kopito, 1997).
ER quality control pathways have yet to be unequivocally identified in plants. However, in the extensive literature on the assembly and sorting of seed storage proteins, there are a number of indications that they may be present (e.g., Kermode et al., 1995; Coleman et al., 1996) . Furthermore, many of the ER chaperones expressed in plants are closely related to those expressed in animals and yeast (Denecke, 1996) , and some of them are known to be involved in secretory protein maturation (e.g., Vitale et al., 1995) . These observations provide additional correlative evidence that ER quality control pathways may be conserved in all eukaryotes.
One way to investigate whether such pathways do indeed operate in plants is to follow the fate of modified seed storage proteins as they navigate the secretory system. In this way, it should be possible to distinguish any direct link between the acquisition of tertiary and/or quaternary structure and transport competency and thereby demonstrate the existence of ER quality control mechanisms.
On pages 1869-1880 of this issue, Pedrauini et al. identify such a link. The authors build upon several previous analyses of the assembly and transport of the trimeric bean storage protein phaseolin in transgenic tobacco to provide compelling evidence for ER quality control in plants. In an extensive series of gradient fractionation experiments, Pedrazzini et al. show that a truncated phaseolin (termed A363), which lacks sequence information critical for the assembly of monomers into trimers, is retained in the ER or in a closely related compartment (i.e., neither the Golgi apparatus nor the vacuole). Pedrazzini et al. also show that the eventual degradation of A363 is not affected by brefeldin A or by heat shock-treatments that perturb the normal functioning of the secretory pathway and prevent trafficking of proteins beyond the Golgi apparatus (Chrispeels and Greenwood, 1987; see also Staehelin and Driouich, 1997). These and other experiments strongly suggest that the majority of the assembly-defective phaseolin expressed in transgenic tobacco leaves does not proceed through the secretory system to be degraded in the vacuole, the usual destination of assembly-competent phaseolin.
The authors go on to illustrate that A363 remains associated with the ER Misassembled (or misfolded) secretory proteins may be degraded within the ER. This hypothesis has been investigated for a number of years (for a review, see Klausner and Sitia, 1990) and remains a viable possibility. However, that protein degradation may occur in the same compartment in which ongoing protein folding and assembly are occurring raises questions as to how the degradative machinery may distinguish between misfolded proteins and those that are in intermediate stages of maturation. The existence of a distinct cis-Golgi compartment that captures defective secretory proteins and returns them to the ER for degradation (Hsu et al., 1991) and of discrete functional domains within the ER itself (Staehelin, 
1997) would mitigate this problem.
A second possibility is that defective secretory proteins are targeted to the vacuole for degradation. Such targeting has been demonstrated in yeast, where it involves receptor-mediated transport through the Golgi complex. However, the vacuolar targeting of defective proteins in yeast is apparently the result of recognition events distinct from the ones that deliver normal vacuolar residents (Hong et al., 1996) . Nevertheless, recent evidence suggests that certain protein storage bodies may move from the ER to the cytoplasm and thence to the vacuole, which they appear to enter by an autophagy-like process (Galili et al., 1996) . Similarly, Gomez and Chrispeels (1993) have shown that the tonoplast intrinsic protein reaches the vacuole even when Golgi-mediated transport is inhibited by brefeldin A.
A third possibility, which is currently under intense scrutiny in yeast and mammals, is that misfolded proteins exit the ER and are degraded in the cytoplasm (for a review, see Kopito, 1997) . Genetic experiments point toward a critical role for the yeast translocon protein Sec61 p in this "retrograde" transport process (Pilon et al., 1997; Plemper et al., 1993 , and biochemical evidence suggesting that defective secretory proteins may be degraded in the cytoplasm in yeast and mammals comes from analyses of the role of the cytoplasmic protein-degrading organelle, the proteasome, in these events (Hughes et al., 1997 ; for a review of proteasome structure and function, see Coux et al., 1996) .
The peculiar nature of storage proteins in plants and their abundance in the cells in which the corresponding genes are ordinarily expressed may affect the pathways through which defective forms of these proteins are degraded. Indeed, Pedrazzini et al. have no evidente that A363 accumulates in the cytoplasm of transgenic tobacco mesophyll cells, and they point out that the possible significance of other potential degradative pathways in plants should not be discounted. For example, a number of studies have shown that seed storage proteins that would be expected to be retained in the ER because they carry a C-terminal HDEL sequence can actually be targeted to the vacuole (e.g., Pueyo et al., 1995; Gomord et al., 1997) . Nevertheless, given the recent data from animal and yeast experiments, it would be worthwhile to pursue the possibility that defective plant secretory proteins may be degraded in the cytoplasm. One way to do so would be to investigate the potential role of cytoplasmic proteasomes in this process by using chemical inhibitors to block their function (e.g., Hughes et al., 1997) .
In addition to the question of where in the plant cell defective secretory proteins may be targeted for degradation, a second issue raised by the work of Pedrazzini et al. relates to the prolonged association of BiP with A363.
Does this interaction somehow mark defective proteins for degradation within the ER or a related compartment, or is it an early step in a mechanism that trafficks defective secretory proteins out of the ER for degradation in the A role for BiP in the retrograde transport of defective ER lumen proteins has been uncovered recently in genetic experiments in yeast (Plemper et al., 1997) .
The data from these experiments suggest that the prolonged association of chaperones with assembly-defective proteins in the ER may eventually pull those proteins back to the translocon complex, whereupon they are ejected from the ER and are rapidly degraded on cytoplasmic proteasomes (Hughes et al., 1997; Kopito, 1997; Pilon et al., 1997; Plemper et al., 1997) .
Whether the interaction between BiP and phaseolin that Vitale's group has been investigating (Vitale et al., 1995; Pedrazzini et al., 1997) illustrates that a similar pathway operates in plants remains to be determined. However, ongoing experiments aimed at identifying the regions of phaseolin monomers that cytosol?
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are involved in their interactions with BiP should help to determine whether such an interaction is critical for the retention of misfolded proteins in the ER and/or their transport to the cytoplasm for degradation.
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